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Imposed postfeedback delays promote discrimination training; the present experiments determined
whether they also improve performance in programmed instruction. In two experiments, college
students completed 45 sets of Holland and Skinner's (1961) programmed text on behavior analysis
in a computerized format in a three-component multiple schedule. In Experiment 1, the conditions
were (a) no delay between questions, (b) a 10-s delay after each question (noncontingent delay),
and (c) a 10-s delay after each question answered incorrectly (contingent delay). Noncontingent delay
produced better performance than no delay and contingent delay. To determine whether performance
increased in the noncontingent delay condition because subjects studied the material during delay
periods, Experiment 2 tested three conditions: (a) no delay between questions, (b) a 10-s delay
after each question (noncontingent delay), and (c) a 10-s delay after each question with the screen
blank during the delay period. Noncontingent delay produced better performance than no delay,
but there was no difference in performance between no delay and noncontingent delay with blank
screen. Hence, noncontingent delay improved performance because students used delay periods to
study. Furthermore, subjects preferred noncontingent delay to the other conditions, and session time
increased only slightly.
DESCRIPTORS: computer-based instruction, programmed instruction, multiple schedule, de-

lay, college students

Programmed instruction is discrimination train-
ing: Learners examine a stimulus, emit a response,
receive feedback, and consequently make appro-
priate responses in the presence of novel stimuli
(Skinner, 1954, 1968). Several researchers have
obtained superior discriminated performance with
college students when delays were imposed after
feedback on concept-identification tasks (e.g.,
Bourne, 1957; Bourne & Bunderson, 1963; Bourne,
Guy, Dodd, & Justesen, 1965; White & Schmidt,
1972). In a typical study (Bourne, 1957), subjects
were presented with geometric patterns that had
seven dimensions, but only two were necessary for
correct dassification. Subjects reported which com-
bination of dimensions was correct (e.g., large
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square, large triangle, small square, or small tri-
angle). After all stimulus patterns had been pre-
sented, subjects pressed one of four unlabeled keys
that corresponded to the four possible combinations
of relevant dimensions. Following a delay between
o s and 8 s, a light was illuminated above the
correct key. It was found that discrimination per-
formance increased as prefeedback delay decreased.
Because prefeedback delay plus postfeedback delay
always totaled 10 s (the constant intertrial interval),
it was not dear whether improved performance was
produced by decreasing prefeedback delay or in-
creasing postfeedback delay. To answer this ques-
tion, Bourne and Bunderson (1963) used a be-
tween-groups design with complexity (one and five
irrelevant dimensions), prefeedback delay (O s, 4
s, and 8 s), and postfeedback delay (1 s, 5 s, and
9 s) as independent factors. Prefeedback delay had
no significant effect on performance, but postfeed-
back delay produced a linear decrease in error rate.
Similar results were obtained with longer delays,
and the consistent finding was that moderate post-
feedback delays (i.e., 10 s to 15 s) produced better
performance than longer and shorter delays (Bourne
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et al., 1965; White & Schmidt, 1972). Further-
more, if the stimulus was available during the delay
interval, there was an additional increase in per-
formance.

Postfeedback delays have also improved perfor-
mance on demanding computer tasks. In one study
(Boehm, Seven, & Watson, 1971), graduate com-
puting students received a computerized map of
an urban area plus information concerning the lo-
cation and frequency of emergencies, and were giv-
en 2 hr to find the optimal location for emergency
hospitals. For some subjects, the keyboard was
locked for 5 min after each response (and there was
no opportunity to correct responses), whereas others
had free access to the computer. The 5-min lockout
group outperformed the free-access group by find-
ing the most effective solution with fewer computer
interactions. In another study (Dannenbring, 1983),
programmers debugged a program as fast and ac-
curately as possible within a 30-min period. Cor-
rections were made by retyping the line that con-
tained an error. Postfeedback delays between 0 s
and 14 s were imposed after each correction was
entered. Delay did not affect performance, but lon-
ger delays produced fewer line deletions. Because
subjects often worked during delay periods, it seems
that delays provided an opportunity to study the
problem and, therefore, make more efficient cor-
rections (Salmoni, Schmidt, & Walter, 1984). De-
lays may also have been aversive. When punish-
ment is employed in discrimination training, subjects
respond more slowly and attend more carefully to
stimulus features (Barlow, 1933; Muenzinger,
1934a, 1934b), and discriminated performance
improves (Getsie, Langer, & Glass, 1985; Harris
& Tramontana, 1973; F. Miller, Moffat, Cotter,
& Ochocki, 1973). Consequently, performance may
have improved because postfeedback delay func-
tioned as time-out.

Postfeedback delay may also serve another func-
tion. During a course that used computerized test-
ing (Crosbie & Kelly, 1993), students frequendy
made mistakes because they responded too quickly.
To the extent that test completion and escape from
dass functioned as reinforcers, presentation of each
question was a conditioned negative reinforcer on
a ratio schedule. Faster responding produced the

conditioned reinforcer more quickly, so rapid re-
sponding (racing) became the dominant pattern.
One way to avoid racing may be to impose post-
feedback delay. Racing would never be followed
immediately by a conditioned reinforcer, and, there-
fore, would not increase because of adventitious
reinforcement (Sidman, 1960). This use of post-
feedback delay is directly analogous to the common
technique ofimposing a delay between components
of a multiple schedule.

The aim of the present experiments was to assess
the effectiveness, efficiency, and social validity (Wolf,
1978) of postfeedback delay presented both con-
tingently and noncontingently on incorrect re-
sponses. Both types of delay were used to promote
attention to the material and prevent racing. Re-
sponse-contingent delay was also used to examine
whether it functions as a punisher.

Apart from the experimental manipulations, the
present experiments have important differences from
typical studies ofprogrammed instruction. Previous
studies have often presented only a small number
of frames (Holland, 1961; Tudor & Bostow, 1991),
have used programs of dubious quality (Holland,
1967; Kemp & Holland, 1966; Tobias, 1973),
have used a groups design to assess differences be-
tween conditions (Holland, 1961; Kulik, Cohen,
& Ebeling, 1980), and have been unable to ma-
nipulate contingencies precisely because of the pre-
sentation medium (Tudor & Bostow, 1991). In
contrast, the present experiments used 1,711 frames
of a well-tested text (Holland & Skinner, 1961),
a single-subject design to assess differences between
conditions, and a computer to control presentation
of material and timing. These are important mod-
ifications. If only a few frames are presented in one
brief session, then it is unlikely that large differences
between conditions will emerge. Furthermore, if
group-based analyses are performed on these data,
intersubject variability may further obscure differ-
ences between conditions. The present experiments
avoided these problems by presenting all experi-
mental conditions each session in a multiple sched-
ule. A computer provided precise presentation of
materials, control of contingencies, and recording.
Furthermore, the present experiments assessed not
only the percentage of frames answered correctly
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and time required to complete each set (i.e., effec-
tiveness and efficiency), but also subjects' satisfac-
tion with the procedures (i.e., social validity).

EXPERIMENT 1

METHOD
Subjects and Setting

Four female college students (H2 1, H22, H23,
and H24), aged 20 to 35 years, served as subjects
as a course requirement of an undergraduate re-
search project. All subjects had completed one course
in applied behavior analysis (based on L. Miller,
1980; see Crosbie & Kelly, 1993, for details), but
had not seen the material used in the present study
(Holland & Skinner, 1961). In the applied be-
havior analysis course, H21 had received a grade
of C, H22 and H23 had received a B, and H24
had received an A. All subjects were naive with
respect to the aims and rationale of the present
experiment and had not participated previously in
similar studies.

The study was conducted in a section of a lab-
oratory (180 cm by 200 cm) partitioned with two
room dividers (each 123 cm by 180 cm). Subjects
sat at a desk with a computer and monitor at the
back, a keyboard in front, and exhibits to the right.

Apparatus
Computer equipment. A Samsung® S330

(IBM® PC-compatible) computer with 640K
RAM, a 20-Mb hard disk, and an ECM 36-cm
EGA color monitor were used. Before each instruc-
tional set was presented, all questions and correct
answers for that set were read from the hard disk
into memory. This ensured that there was no un-
programmed delay between questions while text
was being read, and facilitated a quick return to
questions that were answered incorrectly (see the
Lesson Format section below for further discussion
of this feature).

Characters were displayed by assembly language
routines (Crosbie, 1990); consequently, text ap-
peared on the screen instantaneously (i.e., <10
ms). Text was displayed in primary colors on a
black background; questions were white, and

prompts were yellow. Each question was presented
in the center of the screen, the subject's response
appeared below the question, and the correct re-
sponse appeared below the subject's response. In-
structions were presented at the bottom ofthe screen.
When a delay was programmed, a bar was shown
at the bottom of the screen with the instruction
"Please wait until the bar is gone." This bar func-
tioned as an analogue dock because, during the
delay period, the bar became progressively shorter
until it was gone. While any portion of the bar
was on the screen, the program would not read
input from the keyboard. At the end of the delay
period, the keyboard buffer was deared to remove
characters typed during this period.

Lesson format. All lessons had a linear format
(Skinner, 1954, 1968); that is, questions were pre-
sented in a predetermined sequence. Questions had
one or more words missing, and subjects typed the
missing words. This format was used because un-
familiar technical material is learned better with
constructed responses (Tobias, 1973).

With Skinner's original procedures (1968), after
the final question had been answered for a topic,
the teaching machine returned to questions that
were answered incorrectly. This review feature was
incorporated in the present program because it has
increased performance by 10% (Holland & Porter,
1961), and we wanted to assess how postfeedback
delays affect performance on an optimal imple-
mentation of programmed instruction.

Exhibits. Each subject studied the first 45 sets
of the Holland and Skinner (1961) text. Explan-
atory material (e.g., a graph or figure) is presented
at the start of several sets in the textbook. This
material was photocopied and compiled into a
booklet that was placed on the table during sessions.
Computer-presented sets were, therefore, identical
to the original text in all ways except method of
presentation and experimental contingencies.

Design and Procedure
Each subject received the following conditions

in a multiple schedule (Hersen & Barlow, 1976):
(a) no delay between questions (no delay), (b) a
10-s delay after each question (noncontingent de-
lay), and (c) a 10-s delay after questions answered
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incorrectly (contingent delay). Each condition had
a discriminative label (e.g., "No delay between
questions") displayed in the top left corner of the
screen throughout the set. Sets varied in length
between 25 and 75 frames, so time required to

complete a set was variable. Three sets were com-

pleted each session, and sets took a mean of 20
min to complete. Hence, sessions lasted approxi-
mately 1 hr, and 45 sets were completed in 15
sessions. For the first five sessions, 15 sets were

presented with no delay to establish a baseline against
which to compare the effects of the two delay con-

ditions and to adapt subjects to the equipment and
procedures. Following baseline, the multiple sched-
ule operated for the final 10 sessions. During this
phase each set in a session was presented with a

different condition, and condition sequence varied
randomly across sessions.

Instructions. Before the first session each subject
read the following instructions:

In this experiment you will use computer-

assisted instruction to learn about an impor-
tant area of psychology: the experimental
analysis of behavior and its application. You
will cover three topics per session, and there
will be one session every day (Monday to

Friday) for 15 sessions; each session will last
approximately 1 hour.

Each topic has between 25 and 75 ques-

tions and, for each, you will supply one or

two missing words. This study has three ex-

perimental conditions: (1) no delay between
questions, (2) a 10-second delay between all
questions, and (3) a 10-second delay only
after questions answered incorrectly. During
a lesson, only one of these conditions will
apply (shown in yellow at the top of the
screen). For the first five sessions you will
receive only Condition 1, but for all other
sessions you will receive all three conditions.
You must answer all questions correctly before
you finish a topic, so when you have answered
the final question, the program will take you
back to the questions you answered incor-
rectly, and will continue this process until all

questions have been answered correctly. At
the end of each lesson, you will be asked a
question concerning the lesson, and you will
type a number between 1 and 9 to show your
answer.

Between sessions do not study the material
or talk to other people about the topics; this
might ruin the experiment, and make the
results uninterpretable.

After they had read the instructions, subjects
interacted with a short demonstration lesson that
showed the following aspects of the procedure: (a)
the types of question that can be asked (i.e., when
one word ," two words "_ ,"
or several words "***" are missing, or when a
technical term is required "IT"; see Holland &
Skinner, 1961, for further details of these conven-
tions); (b) how to type an answer and erase typing
errors with the BACKSPACE key; (c) how to score
the answer by typing C if it is correct or I if it is
incorrect; (d) how the program returns to questions
that were answered incorrectly; and (e) how to score
satisfaction with the condition. At the end of each
set, the program asked subjects how satisfied they
were with the experimental condition in operation
during the set. Subjects typed a number between
1 and 9, where 1 was not at all satisfied and 9
was extremely satisfied.

Typical session. At the start of a session, the
second author inserted the subject's key disk (which
contained her code name and session number) and
ran the experimental program. If there was an ex-
hibit for the current set, the subject read it and
referred to it later as required. When the subject
was ready to start the set, she pressed any key.
Question 1 appeared immediately in the center of
the screen. When she was ready, she typed her
response followed by the ENTER key. Before she
pressed ENTER, she could correct her response with
the BACKSPACE key; after ENTER was pressed,
however, there was no opportunity to change the
response. Immediately after she pressed ENTER,
the correct response was displayed below her re-

sponse. It was dear which was her response and
which was the correct response because they were
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labeled and shown in different colors. She was then
instructed to "Type C if your answer is correct or
I if it is incorrect." If she typed C, the number of
correct responses (continuously displayed in the score
box in the top right comer of the screen) was
incremented by one. If she typed I, the number of
incorrect responses (also displayed in the score box)
was incremented by one, and that frame was tagged
for subsequent review. The program did not con-
tinue until the subject typed C or I. The subject's
responses, correct responses, and scoring (i.e., cor-
rect or incorrect) were transferred to a disk file for
verification by an experimenter; all scoring was
accurate.

During no delay, immediately after the response
had been scored, the subject was instructed to "Type
any key to continue." At this stage, the question,
response, and correct response were all displayed
and remained on the screen until a key was pressed.
When a key was pressed, the screen was deared
immediately, and the next question was presented.
During noncontingent delay, immediately after the
response had been scored (and regardless of how it
was scored), the delay bar was displayed for 10 s
(during which time typing had no programmed
consequences); then the subject could type any key
to continue. Observation and debriefing reports
suggest that subjects typically spent the delay period
reading the question, response, and correct re-
sponse. During contingent delay, immediately after
a response had been scored as incorrect, the delay
bar was displayed for 10 s; then the subject could
type any key to continue. If a response was scored
as correct, however, the delay bar was not displayed,
and the subject could type any key to progress to
the next frame. When all questions in the set had
been answered, the program returned to frames
that had been scored as incorrect. This review con-
tinued until all frames were scored as correct. The
subject then answered the question "How satisfied
were you with the experimental condition, 1 = not
at all satisfied and 9 = extremely satisfied," by
typing a number between 1 and 9. If she had not
completed three sets during the session, she started
the next set; otherwise, she left the laboratory. Apart
from the 10-s delay period, no time constraints
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Figure 1. Experiment 1: Percentage of frames answered
correctly and mean time per frame for each condition (ND
= no delay, NCD = noncontingent delay, and CD = con-
tingent delay; see text for details) and subject. Median results
across subjects are also shown.

were imposed. At each stage she could proceed as
quickly or slowly as she wished.

REsuLrs Aim DIscussION
Because sets differed in terms ofnumber offrames

and difficulty, percentage of frames answered cor-
rectly per set differed markedly within experimental
conditions. We therefore discuss consistency of dif-
ferences among conditions, and show the total per-
centage of frames answered correctly for each con-
dition.

Across sessions, all subjects correctly answered a
greater percentage of frames during noncontingent
delay (NCD) than during no delay (ND) and con-
tingent delay (CD), which did not differ signifi-
cantly. Of the 40 multiple-schedule sessions (10
per subject), NCD had a greater percentage correct
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than ND in 29 sessions, and a greater percentage
correct than CD in 28 sessions. Both differences
are statistically significant (p < .01, sign test; Sie-
gel, 1956). CD had a greater percentage correct
than ND in 19 of the 40 sessions (not statistically
significant). Overall, there was no consistent dif-
ference between CD and ND; therefore, CD was
not a punisher.

For the 1,112 frames presented during the mul-
tiple-schedule phase, Figure 1 shows, for each sub-
ject and condition, the percentage of frames an-
swered correctly and mean time per frame (in
seconds). NCD produced better performance than
the other conditions for all subjects. Median results
across subjects show that NCD produced 10% more
correct responses than ND and 6% more correct
responses than CD. When performance during ND
was high, NCD improved performance only slight-
ly (see H22), presumably because there was little
room for improvement. When ND performance
was lower, however, NCD produced a much larger
improvement (see H23 and H2 1). The importance
of delay is highlighted by the finding that median
performance was best for the condition in which
delay was most frequent (NCD), worst when delay
was not employed (ND), and intermediate when
delay was intermittent (CD).

Figure 1 also shows that NCD had a longer
mean time per frame than the other conditions for
all subjects. Although 10 s was added to each frame
in NCD, median results show that NCD took only
4 s per frame longer than ND and 6 s per frame
longer than CD. Either subjects responded more
slowly during ND than they did during baseline,
or they responded more quickly during NCD. Mean
time in ND did not change from baseline, so sub-
jects must have worked more quickly during NCD
than during ND.

Three subjects (H2 1, H23, and H24) consis-
tently reported more satisfaction with NCD than
the other conditions. The 4th subject (H22) had
an NCD satisfaction rating similar to those of the
other subjects, but gave ND and CD an atypically
high rating. Median results across subjects show
that all conditions had a moderate satisfaction rat-
ing (approximately 5 on a 9-point scale), and NCD

was rated 0.5 points more highly than ND and
0.2 points more highly than CD. These results show
that subjects were not distressed when delays were
imposed.

EXPERIMENT 2

Experiment 1 found that NCD produced su-
perior performance. NCD has two aspects that could
have achieved this: an additional opportunity to
inspect material, and a delay that might have re-
duced racing. The present experiment, which pro-
vided a systematic replication of Experiment 1,
assessed both possibilities.

Subjects received the following conditions in a
multiple schedule: (a) no delay, (b) noncontingent
delay, and (c) noncontingent delay with the screen
blank during the delay period (NCB). If extra
inspection time, instead of delay, improved per-
formance, then NCD would be superior to both
NCB and ND, which would produce similar per-
formances. Alternatively, ifdelay was the important
factor, then NCB and NCD would have similar
results, and both would be superior to ND.

In the present experiment, 4 undergraduates (1
male and 3 female), with no background in be-
havior analysis, were paid $6 for each session com-
pleted. Thus, the generality of the results obtained
in Experiment 1 was assessed with subjects who
differed in terms of background knowledge and
motivation.

REsuLrs ANim DIscussIoN
NCD produced a greater percentage correct than

ND for 30 of the 38 sessions in which the different
conditions produced different results (p < .01, sign
test; 2 of the 40 comparisons were discarded be-
cause the sign test cannot accommodate tied scores);
all subjects showed this pattern. This result repli-
cated Experiment 1. NCD also produced a greater
percentage correct than NCB for 27 of the 38
sessions, and each subject showed this pattern. There
was no difference, however, betweenNCB and ND.

Figure 2 shows that NCD produced better per-
formance than the other conditions for all subjects.
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Median results across subjects show that NCD pro-
duced 9% more correct responses than ND and
8% more correct responses than NCB. The differ-
ence between NCD and ND is very similar to the
result obtained in Experiment 1 (see Figure 1). ND
andNCB produced virtually identical results. These
results support the extra inspection time proposition
and cast doubt on the racing hypothesis.

Figure 2 also shows that NCB had a longer
mean time per frame than the other conditions for
all subjects, but NCD and ND did not differ con-
sistently. Median results show that NCB took 11
s longer than both NCD and ND. Hence, NCD
did not increase session time for all subjects.
NCD had a moderate to high satisfaction rating

for all subjects (median of 6; range, 5 to 9 on a
9-point scale). Median results show that NCD pro-
duced 0.6 points greater satisfaction than ND and
1.0 points greater satisfaction than NCB.

GENERAL DISCUSSION

The present experiments assessed whether post-
feedback delays improved performance because they
provided additional study time, reduced racing, or
punished incorrect responses. Additional study time
was found to be important, but racing and pun-
ishment were not. NCD seems to improve perfor-
mance because it forces students to spend greater
periods of time on task, which frequently leads to
higher achievement (Tobias, 1973). CD did not
function as a punisher; perhaps the 10-s delay was
too short. Future studies should try CD with longer
delays or response cost (i.e., point or money loss
contingent on incorrect responses). Response cost
may be preferable because it would not increase
session time and would permit a larger range of
potential punishers. Although the racing hypothesis
has a reasonable theoretical basis, it was not sup-
ported by the present data.

In ND, after a subject had scored an answer
(i.e., typed C or I), the question, answer, and correct
answer were all displayed until a key was pressed,
then the next question was displayed. Consequent-
ly, after feedback was provided, subjects in any
condition could read the question and correct an-
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Figure 2. Experiment 2: Percentage of frames answered

correctly and mean time per frame for each condition (ND
= no delay, NCD = noncontingent delay, and NCB =
noncontingent delay blank screen; see text for details) and
subject. Median results across subjects are also shown.

swer for 10 s, as they did in NCD, and obtain the
same benefits. In other words, in ND subjects were
not obliged to proceed to the next frame imme-
diately, and could study material as much as they
did in NCD. The important result is that in ND
subjects did not spend additional time studying
materials. Debriefing reports showed that subjects
were motivated by negative rather than positive
reinforcement. Participating in the experiment was
not intolerably aversive, but neither was it as pos-
itively reinforcing as things subjects could do out-
side the laboratory. Programmed instruction is nor-
mally considered to be based on positive
reinforcement with no aversive consequences. In
most dassroom and experimental situations, how-
ever, performance is based substantially on escape
and avoidance. If substantial positive reinforcement
were available, perhaps the nature ofthe task would
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change, but this possibility seems unlikely for most
schools and laboratories in the near future.

Given that 10% is the target error rate for the
Holland and Skinner material (Holland, 1960;
Holland & Doran, 1973), the present subjects'
error rates may seem too high. There are, however,
five points that should be considered when making
such an assessment. First, the materials were de-
veloped and tested with outstanding students (at
Harvard and Raddiffe circa 1960) who were very
competitive and were assigned grades according to
their performance on the material (J. G. Holland,
personal communication, April 28, 1992). Present
subjects were less able academically and less mo-
tivated. Second, the goal of 10% error is for a
frame, not a complete set. That is, instructional
designers will modify a frame if more than 10%
of students answer it incorrectly (and Holland did
that with the present material). Whether all stu-
dents will correctly answer 90% of frames in a set
is a different question, one that was rarely addressed
during program development. Third, for experi-
mental purposes sessions were often long (i.e., the
multiple schedule required that three sets were com-
pleted per session); fatigue may have impaired per-
formance. Fourth, no external reinforcement was
provided. In our recent experiments in which sub-
ject payment was contingent on performance, NCD
was superior to ND, and the percentage correct
increased greatly. Finally, in the most recent study
of computerized programmed instruction (Tudor
& Bostow, 1991), subjects in the condition most
similar to the present procedures (Group 5) cor-
rectly answered between 30% and 70% of frames,
with a median of 52%.

Although the present results are significant, it is
important that they be kept in perspective. The
research did not indude a complete technology, but
rather was an experimental analysis of the effects
of postfeedback delays within a rigorous laboratory
context. Delays of 10 s were selected arbitrarily
(although there is support for the efficacy of such
durations in the concept-identification literature dis-
cussed above) and may not provide optimal con-
ditions. Indeed, given that subjects in Experiment
1 worked 6 s per frame more quickly during NCD

(i.e., although 10 s was added to each frame, they
took only 4 s longer per frame), it would be in-
structive to use a 6-s noncontingent delay to de-
termine whether performance would be improved
with no additional time required. Similarly, three
sets were presented each session for experimental
purposes, and such long sessions may not be op-
timal. The present results probably underestimate
what can be achieved with noncontingent post-
feedback delays, and future research should try to
refine the procedure to determine its maximum
potential. The current research showed that a small
environmental adjustment can significantly affect
academic performance, with few, if any, undesirable
side effects; behavior analysts have an important
role to play in assessing how to improve effective-
ness, efficiency, and consumer satisfaction with
teaching.
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